Aim: To describe the coronary angiographic aspects observed in patients with dilated cardiomyopathies (DCM) in a subSaharan African country in order to improve their management. Methods: This was a cross-sectional study conducted from 1 January 2010 to 31 March 2016. All patients aged 18 years and older, presenting with DCM and admitted to Abidjan Heart Institute, who underwent coronary angiography were included. One hundred and eight patients were selected. We analysed and compared the coronary angiographic features observed. Results: The median age of our patients was 52 years (46-61). There was a male predominance (sex ratio = 3). Hypertension (53.7%) was the major cardiovascular risk factor found. Coronary angiography was abnormal in 37 patients (34.3%). Twenty-three patients (21.3%) had obstructive coronary artery disease (CAD). Patients with CAD were older than those with normal coronary arteries, but with no statistically significant difference (p = 0.06). Hypertension (p < 0.001) and diabetes (p = 0.0003) were statistically significantly more commonly reported in patients with CAD. Conclusion: Ischaemic heart disease is likely to be underdiagnosed in sub-Saharan Africa. A coronary angiographic assessment of patients receiving treatment for DCM, especially in the presence of cardiovascular risk factors, should help optimise their management and improve prognosis.
Heart failure (HF) is now a major cause of morbidity and mortality in developing countries. Reliable estimates of the burden of HF are not available, but recent literature suggests that HF is the cardiovascular condition in sub-Saharan Africa whose prevalence is increasing the most. 1 HF is the main reason for admission to cardiology departments. 2 There is a significant socio-economic impact in our context. Since HF affects younger, economically active subjects with income-generating activities, it has a higher mortality rate in this group of people than in the rest of the world. 3 Whereas coronary artery disease (CAD) is the major cause of HF in developed countries, in sub-Saharan Africa, the predominant underlying conditions historically are dilated cardiomyopathies (DCM) and rheumatic heart disease. 4 In recent data from The Sub-Saharan African Survey of Heart Failure (THESUS-HF), 5 ischaemic heart disease accounts for only 7.7% of hospitalisations for HF, the predominant causes of which are hypertension (45.4%) and presumed idiopathic DCM (18.8%) . This rate of ischaemic heart disease seems to be underestimated, due to limited access to diagnostic tools, especially coronary angiography.
The identification of ischaemic heart disease in sub-Saharan Africa could help improve the management and prognosis of patients by implementing tailored treatment strategies. The aim of this study was to describe the coronary angiographic features observed in DCM in a sub-Saharan African population.
Methods
Our study was carried out at the Abidjan Heart Institute. It is the national referral centre for the management of cardiovascular diseases in Côte d'Ivoire, capable of providing cardiovascular care 24 hours a day and seven days a week. The centre includes emergency department, intensive care unit, a department for non-invasive exploration (including echocardiography laboratories and other cardiac diagnostic tests), paediatric cardiology department, operating rooms for cardiovascular and thoracic surgery, interventional cardiology laboratory and cardiac rehabilitation department.
We conducted a cross-sectional observational study over a period from 1 January 2010 to 30 April 2016. All patients aged 18 years and older who were admitted to Abidjan Heart Institute to undergo coronary angiography for DCM over the study period were systematically and unselectively included.
Patients included underwent a standard 12-lead electrocardiogram (ECG) and an ultrasound examination. Left ventricular internal diastolic diameter (using the American Society of Echocardiography convention) and left ventricular ejection fraction (with biplane Simpson's method) were measured to confirm DCM. We used a General Electric Vivid S6 cardiac ultrasound system (2010).
DCM was defined as left ventricular dilatation > 31 mm/m 2 in men and > 32 mm/m 2 in women, and impaired systolic function with a left ventricular ejection fraction < 50%. 6 Invasive coronary angiography was obtained by radial or femoral access using a Philips Integris V5000 Cath Lab (2008) . From the selection criteria, we selected 108 patients.
Data were collected using a standardised survey form developed with Epi data 3.1 software. The parameters investigated were: (1) socio-demographic data (age, gender, health coverage) as well as clinical data (cardiovascular risk factors, clinical presentation); (2) ECG (repolarisation disorders, Q-wave) and cardiac ultrasound data (left ventricular ejection fraction, regional wall-motion abnormalities: hypokinesia, dyskinesia or akinesia); (3) coronary angiography findings: the coronary angiography was normal when the coronary arteries were smooth, without atheromatous plaque and spastic phenomena. Obstructive CAD was considered if there was any narrowing of the lumen of an epicardial vessel ≥ 70% and of the left main artery ≥ 50%. 7 The severity of coronary lesions was assessed using the American College of Cardiology/American Heart Association (ACC/ AHA) classification 8 and the SYNTAX score. 9 Depending on the number of vessels affected, we described one-, two-and threevessel disease. (4) Ventriculographic data were used to assess regional wall motion and left ventricular ejection fraction during cardiac catheterisation.
Statistical analysis
Qualitative variables, presented as numbers and percentages, were compared using the Mantel-Haenszel chi-squared test or Fisher's exact test. The quantitative variables, presented as medians (quartiles), were compared using the Student's t-test. We used Epi Info 3.5.8 (CDC, Atlanta, USA) and defined statistical significance using a two-sided p-value < 0.05.
Results
The median age of our study population was 52 years (46-61). There was a clear male predominance (75%) among patients, with a sex ratio of 3. The vast majority of cases (83 patients, 76.9%) had no healthcare coverage. Hypertension (53.7%) was the most common cardiovascular risk factor (Table 1) .
Repolarisation disorders and a necrotic Q-wave were observed in 25.9 and 8.3% of cases, respectively. Transthoracic echocardiography showed regional wall-motion abnormalities in 43 patients (39.8%).
Coronary angiography was abnormal in 37 patients (34.3%). Twenty-three patients had obstructive CAD, or 21.3% of our sample size ( Table 2 ). Of the total number of narrowing lesions, the left anterior descending artery (LAD) was the most affected (30/56 lesions, 53.6%). The average number of significant lesions was 2.43 lesions per patient (Table 3) .
According to the severity of CAD, assessed by the ACC/ AHA classification, type-B2 and type-C lesions were reported in almost half of the obstructive lesions (27/56, 48.2%) ( Table 4) . The majority of patients with obstructive CAD had a SYNTAX score ≤ 22 (15/23, 65.2%), predicting a good prognosis for percutaneous coronary intervention (PCI).
Patients with an abnormal coronary angiogram were older than those with normal coronary arteries (55 and 51 years, respectively, p = 0.06), with no statistically significant difference. Hypertension (p < 0.0001), concerning both systolic and diastolic blood pressure, and diabetes (p = 0.0003) were more commonly found in patients with an abnormal coronary angiogram,with a statistically significant difference (Table 1) .
Repolarisation disorders (p = 0.003) were more commonly reported in patients with abnormal coronary exploration, with a statistically significant difference. Transthoracic echocardiography more frequently showed regional wall-motion abnormalities in patients with an abnormal angiogram, but with no statistically significant difference (p = 0.07).
Discussion
In our series of patients with DCM, coronary angiography was abnormal in 34.3% of cases. Of these patients, 23 had obstructive CAD, or 21.3% of our sample. Studies conducted in the West on the aetiology of HF emphasise significantly different outcomes from those conducted in sub-Saharan Africa. In the United States, according to the ADHERE registry, CAD accounted for 57% of the causes of HF. 10 The EHFS registry in Europe reported 54% of ischaemic heart disease among 3 580 patients with HF. 11 In a previous systematic literature review, 12 the prevalence of CAD in black African patients with HF was < 10%, contrasting with more than 50% in Europe and North America and approximatively 30-40% in East Asia. These high rates reported in developed countries are not only correlated with the increased incidence of CAD, but also with the increased provision of care in interventional cardiology. The number of activities carried out by healthcare centres in the West has risen exponentially in recent decades. 13, 14 Furthermore, non-invasive imaging methods for aetiological screening of DCM are routinely performed in wealthy countries in HF patients. 15 Gaps in accessibility of imaging techniques between developed countries and sub-Saharan Africa readily explain contrasting findings in the aetiology of HF and DCM.
In sub-Saharan Africa, where the emergence of CAD is well established, [16] [17] [18] there is still a low rate (7.7%) of ischaemic heart disease, as demonstrated by the THESUS study. 5 Data from this registry indicated 18.8% incidence of idiopathic DCM. This low rate for ischaemic heart disease of 7.7% is likely to be underestimated due to lack of diagnostic tools for detecting coronary heart disease in sub-Saharan African countries. There are few centres for performing coronary angiography.
In the THESUS study, 3 patients included from Kenya were likely to have ischaemic heart disease, and in South Africa it was the second leading cause of HF. Both these countries have cardiac catheterisation laboratories. [17] [18] Few other countries across sub-Saharan Africa have interventional cardiology facilities with routine procedures, including Sudan, 19 Nigeria 20 and Senegal. 21 This lack of diagnostic tools includes not only catheterisation laboratories, but often basic diagnostic tests and first-line therapies for HF. 22 To the best of our knowledge, this is the first study reporting coronary angiographic aspects in DCM in sub-Saharan Africa. These observations should draw our attention to the possible ischaemic origin of DCM, which has long been associated with an idiopathic origin. They should also lead us to assess the coronary anatomy as soon as the diagnosis of DCM is made. In our context, only coronary angiography can help in the detection of CAD. Guidelines emphasise the use of invasive coronary angiography as a diagnostic tool in patients with HF and angina pectoris or symptomatic ventricular arrhythmias (class I, level C), or in patients with intermediate to high pre-test probability of CAD (class IIa, level C). 15 In developed countries, coronary computed tomography (CT) scanning is gaining increasing importance for this indication, although coronary angiography is still performed. Some expert consensus recommends using coronary CT scan for detection of the ischaemic aetiology of cardiomyopathies. 23 The benefit of coronary CT scan is its very strong negative predictive value. 24 Magnetic resonance imaging also provides high-quality functional information and, above all, myocardial tissue characterisation. The analysis of the so-called 'late-enhancement' sequences after gadolinium injection may reveal sequelae of myocardial infarction. 24 These examinations are not commonly feasible in our current practice.
The median age of our study population was similar to that observed in some African studies, where an average age of 55 years was reported. 25, 26 Our patients were relatively younger than those of European (72 years) 10 or North American (70 years) studies.
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Rapid and uncontrolled urbanisation and lifestyle changes 27 in the context of inadequate preventative medicine expose a young population 28 to the manifestation of cardiovascular diseases, especially CAD. Ischaemic heart disease is now the third leading cause of death in developing countries, 29 therefore increasing the burden of low-income countries, which also have to deal with uncontrolled infectious and nutritional diseases. Patients with abnormal coronary exploration were older than those with normal coronary arteries, but with no statistically significant difference. The proportion of patients at > 20% risk of ischaemic heart disease within 10 years increased with older age, 30 and ranged from 10.8% in those between 60 and 69 years to 22% in those between 70 and 79 years.
Hypertension (86.5%, p < 0.0001) and diabetes (27.0%, p = 0.0003) were significantly more frequently found in patients with coronary artery anomalies. In the case of DCM, these strong risk factors for coronary heart disease should be an indication for early coronary anatomy assessment. Active smoking, although in lower proportions (8.1%), was more common in patients with coronary artery anomalies.
Alterations in segmental myocardial contractility were commonly detected during the echocardiograms of patients with coronary artery anomalies, but with no statistically significant difference (p = 0.07). Regional wall-motion abnormalities in patients with DCM should be interpreted with caution. They may reflect myocardial ischaemia and be an indication for coronary angiographic assessment. However, they may be objectified in the absence of coronary heart disease. The only reliable echocardiographic evidence of ischaemic origin is regional wall akinesia with thinning, suggesting an absence of viability. 6 Of the total number of narrowing lesions, the LAD was the most commonly affected artery. In the African series on ischaemic heart disease, the distribution of coronary heart diseases was not specified. 5 Patients presenting with obstructive CAD had multi-vessel disease (two-or three-vessel disease) in 47.8% of cases. In a previous study conducted by Velazquez et al. in patients with left ventricular dysfunction and known CAD suitable for coronary artery bypass graft (CABG), three-vessel disease was reported in 60.5% of patients. 31 This study included selected patients with CAD suitable for CABG, and this may explain why the patients had worse coronary anatomy. Our findings suggest that the coronary arteries can be severely affected in patients with DCM, which is underestimated due to lack of screening tests in our regions.
There were some limitations to our study. Compared to Western registries, our study included a small number of patients. There is potential selection bias because this study was performed on a consecutive sample of patients who presented to the interventional cardiology department for coronary exploration. In our practice, as in the majority of countries in sub-Saharan Africa, there is no universal healthcare system for patients. The cost of coronary angiography is 800 US$ in our country, while the guaranteed minimum wage is 120 US$. This is a major socio-economic limitation in the optimal management of patients. Lack of interventional cardiologists in our country is another reason for the relatively small size of our sample. A larger study population would add more significance to this study.
Conclusion
Ischaemic heart disease is likely to be underdiagnosed in sub-Saharan Africa. Among the cases of presumed idiopathic DCM, 21.3% of cases were ischaemic cardiomyopathy. Better availability of diagnostic methods used to make an angiographic assessment of the coronary arteries would enable better identification of ischaemic cardiomyopathies among patients with DCM, more particularly in the presence of cardiovascular risk factors, so as to improve the management and outcomes of these patients.
